Korean J. Limnol. 33(2) : 69~79 (2000)

Invited paper

A e - s AASel dg Zae] A8
oz d*- & H-Z AT

(A& &

B BAAG s A 151-742)

Fractal Approaches to Ecological and Limnological Phenomena. Lee, Dowon}* Hyunjeong
Chang, Sinkyu Kang (Department of Environmental Planning, Graduate School of
Environmental Studies, Seoul National University, Seoul 151-742, South Korea)

Fractal geometry has become one of prospective research approaches as the com-
plex structure of natural entities is not easily characterized by traditional Euclidean
geometry. With the fractal geometry, we can better decipher the complex structure
and identify natural and anthropogenic agents of landscape patterns occurring at

different spatial scales. The usefulness of fractal,

however, has not been fully

appreciated among Korean academic societies, especially in ecological and limno-
logical fields. We attempt to address three points in this study. First, we introduce
the concept and dimension of fractal and review relevant research approaches,
especially with respect to ecological and limnological phenomena. Second, we
explore possible applications of fractal to some aspects of geography and land use
characteristics in South Korea. For the analyses of fractal dimensions, we used data
published in other studies previously and collected for this study. Data were
analyzed by a perimeter/area method of fractal dimension for the spatial distribu-
tion of global solar radiation and leaf area index, and the movement of wild boars in
forested landscapes of mid-eastern Korea. The same approach was also applied to
the water channel of a hypothetical river and the shape of reservoirs in Yongin,
Kyunggi Province. Finally, we discuss the results and key issues to consider when a
fractal approach is employed in ecology and limnology.
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A A7) 244 B2 F27 ek 28T FEE o
UAE A 397 A dEzag AiE a8
(dissipative process)el] 2]sf WAItel. 7 A3z A7)
£ oA 2ol Fre $2e= Aasten Jed
S sle mepem v} £3) zegeletn rak 7
o]t} 19771 Mandelbrot= X}l (dimension)o] A 4> (3
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o,

= s)sete] F409e A7) 4414 o]k (Nikora
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Fig. 1. (a) A hypothetical river channel with local complexity and global simplicity and (b) relationship between total

length and estimator segments on the river channel.
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Table 1. Measurement methods of fractal dimension.
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Adapted from Klinkenberg (1994).
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Fig. 2. Movement patterns of male and female wild boars during a daytime. The male boar (a) showed larger fractal
dimension (D = 3.2) than the female one (b) (D = 1.8). Fractal dimension was calculated using a modified area/
perimeter method proposed by Katz and George (1985). Data were adopted from Seo (2000).
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Fig. 3. Scaling behavior of fractal dimension of (a) DEM,
(b) topographic solar radiation, and (c) leaf area
index (Kang et al., unpublished data). Solar radia-
tion was calculated based on DEMs of different
pixel sizes from 30 to 4,160 m. Leaf area index was
derived using normalized differenced vegetation
index (NDVI) from Landsat TM image.
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H) (Chow, 1964; Eagleson, 1970; Feder, 1988; Tarboton
et al., 1988; Rosso et al., 1991; A3} %, 1992), o] W22
3t S$=vtbe] I3 7o 2 Strahler (1952)9] 3 =}
& A4 wpe mel A7 591 AR Afole] #7A
A dehdozs A Saue] FaE Awdos
B A 3l= ¥} o]t} (La Barbera et al., 1989). 181}
ol g3tel xAY AL LA ATE
= b3 2] FAREES 7] 9l Hortonian net-
workgrel| A ek Bkl ZAloloir] olF s A3tr] 9%
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1990; Rodriguez-Ilturbe et al., 1992b; Rigon et al., 1993).
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2 w44 (drainage system)e] 27+ v|& EAo=z
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Fig. 4. Variation in fractal dimension (D) depending on
surface areas (A) of reservoirs. Open triangle (A)
and square (o) indicate fractal dimension of reser-
voirs lying in recreation field and forested area,
respectively (Chang et al., unpublished data).
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